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(57) Abstract: 

PURPOSE: Provided are a reactive radial -structured polymer, its 
preparation method and a polymer thin film using the polymer 
which contains a nano -sized micropore and has a low dielectric 



CONSTITUTION: The reactive radial -structured polymer has an 
ether structure represented by the formula 1 and contains a 
methoxy or ethoxy silane terminal group, wherein n is 2 or more; R 
is a group derived from a polyvalent alcohol (R- (OH)n, n&gt:="2);" 
Xis -OCONH-(CH2)3-Si(OC2H5)3. -OCH2CH(CH3) -CH20(CH2) 



(OC2H5)2 or -0CH2CH(0H) -CH20(CH2)3 -Si(CH3)(OCH3)2. Preferably the polymer has a molecular weight of 500- 
20,000. 
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^^^"i ^^^7)1- yJ-Af^ JLS-Xfl- ^^t}c^ ^i-^^d^^ "-1^°-]' ^ll^'y ^el^llolE SL^7\ Lfl^oll M-i^PlEl H71S1 njA^l^V 7]^^ 







£1 



£ 1^ -a^l^^l i<^]^] j1^;^> ASl FT-IR ^^aiE ^ojcf, 

£ 2^ -a^Hl I'HlAl 42:^ JL^:^}^9\ »HNMR rii^M^olcf. 
H 3^ ^^loi] i6\]A] oI^X). Afi^ »3 c NMR :ii«3|E ^o]4. 

£ 4^ -a^HI 2*>11^1 BS) FT-IR iii^H^olcf. 

S 5^ 2^]M ol^;^)- 'H NMR ^^M^ojcf. 

£ 6* -a ^1*^1 2<HlAl BS] '3 C NMR >:^H^olcf. 



^^v 7i±s.. ci^v o.^fe ^>flifl^-ffl f-s) -ae1?iloie ai^;»Mlla'Hl 4ii°lEl H7lsl 71^1- safe 7l^-fi-£>^SAl iv-S-^ ^ 

^^^'LVa<Hl>^ife 3Jfe ^^sissl ■as. >Hla.el2)- fee1^l-# f'7H?i. siss| #7M?iji ui^t ^?]•*^^lfe 

<a^7l- Tll^slui 5acf. "121* ^^21 ^a* ^^«V7l i?l«Vo^. :a37|# ^o]jL 5^0 of. o|a^ ^Ajofl ^^^sl -fr^^^^ ^# 5afe -^11 

7l)^*ffe -a^-Hl 7>Sfal ^cf, 4-S-S13X Jlfe ^^!#^^ ^=1^ cf^l^AfolHSAi -fi-^d^^fe tfl^ 3.5 Ml^l 4.0°14. 

^El^ c}.oi^A>oi = fe aj-Hsil ;^2:*:^4 ^^^^ ^lel^'gfil ^"^^ s^«^^. "i^ *1el^ ^"S ^ Xi^ ^<^?b #e^^ 9J 1^ ^V^-a^ 7W 

aEl4. ^?2) c}t^2:^ jiAj^ ^^sis-fe ^<HM-°1 5^°1 «liZ2| 7i^tv 4-8-*f7l ^lt> 'a^7t- ^!«Ss)ji si 

c+. til, -8-^^^ 2.5 <>1*V* 'r safe 'tli^'llsl 7l)ti- i\JL m. ^^SlS.2j a7|7V i\;o}^<^] 4e} -tl 

sfe ^<af-^fii <a^7ii*<»i ^«8siui sac)-. 

^jAii^l^jo^ -asl^llolSTi) ^ ^ii?)^ -^el^flolSTil, "S-^*;^ Ji§;^K l■iS^ nj-sj:* ji^^Ti), -fi-7l-J?-7l f-i- tfl^o.^ tv ^i^^^i^^^ 

7Hfi2l 7l|«^o|l °^^7} ^«8S|J1 Sic]-. 2:7l^x};,llS. 7fl^€- 2.5 °lS>2| -S-^^- a>£*ll 1>H«1 iJl^^a^t] A^S)fe loV^^^ 

. 7);^laj sa-S] fel-afchem-mech polishing) ^it^. o)|^{etchlng) ^^'3 ^t-^. ^7)21 f-S] ^iL7> l£.«^n^. 

Si^l-fl-^ 'il-t ^fe ^-at^sl 711^^ >4iioiE) a7is] 7|^^ Sfe ^-ai-^^ "-]-°-h'4)<Hl sVfecil, '43:c7i^i- -S- 

^ 5lfe -S-71 iS-^f "i^sfll- f-sH Mjoi] ^iit'lEi a7|fi] 7]^^ ^H«Vfe "S-a* 

7l^€- i4t7|^2i a7]2)- ^51- o]^^o] ^g^oijAi ;«i)oisi-7i7i- cH^cf. zi ^oi-fr ^"a^fl^^ 7]^ a*^}sl ^-^^ olo)l itl-# 7l^a 
7isi ^ 7i*s-£sf *5<y^ nHS-olcf. 



sH. 4^^*11 ifl<Hl M-ii7]?l- BV^>a '*>^l-^2 ji^^ ^ °l-8-# ^-fi-^i^^ ji^^V ^l^sl-fe "HI sacf. 



^c^7l 7lt2i t'^81-71 ^jSM. ■& ^"S-a- Sf7l IS a^lSlfe oflEfle ^21- dH^aI ce^ oll^A) Sia-711- ?}fe "S-A}^ al^;^> 



-^7] Sl-€|-4) H]^i. n-g- HJ-^^ Jl&>^l-el 7H'fl- M-E)->41oj 2 ol-^j-S] si* 7};^lJi. R-g- 47>'a:#(R-(0H)„ (n2:2))o)l>^i -frefltV eaol^^.Xfe -OCONH- 

(CH2)3 

-Si{OC2H5)3. -OCH2CH(CH3)-CH2 0(CH2 
)3-Si(CH3)2(OC2H5). -0CH2CH(0H)-CH 
EO(CH2)3-Si(CH3)(OC2H5)2 ^ -OCH2CH(OH)-CH20(CH 
2)3-Si(CH3)(OCH3)2 ^^ll^i -a^^ *K2l °^'&7ll- i4E]->i4. 

■g- ^-ael "J-'^f^ i^^l-fe. «|-7l ^«)-^ 2 5 SmSl ^^^^2: •8-7|S.iitHl- C)-7V>a-#il|- 7ll^f^^Al7)j7, a ^^f-* 4^1 ■Hl^Al7l £fe o)l 

^Al7l# ?J-fe -a^^ttsf "J-g-^l^i ^2:« ^ 5a4. ^71 47>"J*(R-(0H)n{n^2))-& cKSeliHI^* nl(ifflE}oile) Ee)t) 5fe ns) -frSSIl 





^s^'i^ 3 



r' 



(CH2)x 0 



5 



(CH2), I 



•& f^si ;«il2o|) saoi><.i, «Hl^Ai7) Hfe ol|^A)7)t Iffe -af^a^t§€■ a-olibAl^Hl-^lSHa^ sa^ofl^Ai^^. 3--t5l'^l^-'^l5S« 

clnD^ofl^Ai-g^. 3-#B|'^)^-'^lSa^ "B^'^'Hl^'^l-^^ a 3--telAl^Alsa^ itcli^Al^^ f^HjAl s^ol ^o) u).^a|«H:f. 

■& t'^sj ^71 ^4^41 IS] >8-AV^ 500 20,000^ 



SfS^-i) 6 



Ro 



Ri C R4 — 0 R4 — C Ri 



Rr 



Rr 



>a-7) e<^]^] Ro^ -CH20-lCO-(CH2)5-0]„, -X. Ri^ -CzHs £^ -CH2 0-[CO-(CH2)5 -OU -X^U. X^ .OCONH-(CH2)3 -Si(0C2 

H5)3, 

-OCH2 CH (CH3 ) -CH2 O (CH2 )3 -S i (CH3 )2 

(OC2H5). -OCH2CH(OH)-CH2 0(CH2)3 -Si(CH 

3)(OC2H5)2 ^ -OCH2CH(OH)-CH2 0(CH2)3-Si(CH3){OCH3) 

2 f^o11>^i §KH M-E]-M)J1. R4^ <>lcf. 

^V7) Sl-Sl-^^ 6^ ^J-^^ Il^^Hl^i 2 2091 ^^1 ^j-^^^W. 

i4iii7l^oi £oj^ jig-:^)- ^^^] ^^i: ^'S'^t^. 

^. ^Hl^^elofl^A]^^^ OlllMejDll^A)^^, olllC^<Hl^^l^^. oil^C^oH^A]^^. til:^^B]ul]^A)^^o1]^, til:fxHe1o]14Al>^^ 

^ "^^S) Jl§4 ^fl^i'Hl Sl'HAi, ^7] ^ ^71 >a5l?ilo]E si^T.} 1:99 50:50<y ^^1 

^ ^l-S-^d^o^n^ a^^l- 4^^)^ ^labAlofl^^ ^7] ^^#1: 200 Ml^] soots] ^HoflAi ^^7) £^ ^^el*).^ 

^1*K ^ t^S) cHlEfle :^i^o) f^Aj DJI^Al ofl^A] ^^7]^ tij^'^ ^Mn'^: ^ <=ll' '^l*?!- ^"S-^^^ ^S.^^} 4 

^ :^^^} ^m^l Hin^l^l H7)fi] 71-^-i: °vi- ^ 91^ ^7]% 7]^-^^M] ^ H-^^l^i 3.7]q\ 7]^-^ ^i^ 7.] 



1 ^m^]. -ih^l ^S^i] 2 Ml^l S^«^<4 52) -S-7l£iiiH2f R-{OH)„a a^^lslfe ^^V'tt^^ 12:1 vfl^l 120:1S1 ^1h«Val ^ 

-HI- #^ 100 0)^1 200t<Hl'^1 7li«-f'^>^1^4. 

s^4^Aj 2 ss 4Emfe ^^^s ■s-7iiii"ioi) ^o]x\^ x^z^^s ^^o]x^_ ^7] ^^^^ ■s-?!^^!!^^ 7m^^ t -a-n 

•&?H-°il. ^Aoll itfsl- itEflolM:t{stannous) 2-oill ^A>iiOllo)ES). Anm- c}-7l-"a-tSl 1/200 *^^] 1/50S) ^7l-S}fe ^o] ti}^ 

t^-i-t- f-sf**) §'cf7i x7v 4=i<y '^^}^ Ji^^v ^ sa4. 

EDS. ^tfl^^Cf. 

2 i^m^] 7m^%t^ 1}•>^^^ ji^^^vsi- «j-s->a ^'S71sa-i oi|aAi7i dh^ai?)* 7Wfe ^^3}^i-^ ?>-s-^i?i. s^8l-4] is) 

Dil^A) £^ <Hls.Al v^rQ: ^f^al-tJ-f-Sfe 3-°li'^lo>tllolESS^ SeJofl^Al^^O.jsocyanalopropyl triethoxysilane), 3--g2l ^I^-a) HS.^ 
t^lDi)^«l|-^'^l-^?i-(3-glycldoxypropyl dimethylethoxy sllane). 3--t2l'^l^-'^lHS.^ ^l^c)»ll-^'^l-a?}-(3-gIycldoxypropyl methyldlethoxysilan 
e) 3-#el'^)^->^lHS.^ oillc)D|)^'^l'a^(3-glycidoxy propyl inelhyldirnelhoxysilane)!- 't SX'^. -^7) 7D^f'^€ JL^T.} ^ a\]s.^.] 

£fe <Hls.Al p^.^ S^ih## 1:0.1 1:5 e) -S^tV :f , o-71-§.d11(ei1e ^^S^ol = f-^-a. LS-tH-^t}, 1.4-^1 SEfe olf-s) 





s^s^^ 7 s°\] ii<H^i. xfe ^7) s^«^<i^ 6>=^i^i ^siiv t^t. 



55)^0.,^ .y«>^o.s. ^7.}^^ 500 vfl^l 20.000 -S-^l-^ol 500 o)t> afe 20.000* JlS-^Vfe 7l-?-fr£^S.>«.i a|-8-«l-Jil 

A^7l Sl•«^<i) 62] "S^^ Jl^^m mO] 2 Ml^l 20"?! 

vt)-£7> 2 "I^J?! ^-f D-'^V^ Jl^J^l-S^^ia] 7l^ol ^o^xjos. uVta]*}^) ^5>J1, 20* iff^l-fe Jl^;^> ^^^l) ^J^o\]^.^ HJ-A).^ Jig. 

'^H-^pal *^]«^-5.s. <a«ll <1^2]1- f-sfl ^S'is\^ 7)^2) H7l7> uii^ ?i;*^Ai 4^*1] u^^a] 7l7i)^ ^Aj^ sfs^A]?las. uf^^igy^i ^sv 
Til Af-g-^ ^ 5a4. 

^ei?iioiH ^^1-^ °iii'a'«flifi'%'a. 'Hii-M'Hi^ifi'^-ai a ii^o]B.s.^^4^^\^€ '{d^* sf^'y ^ sii4. 

£EtV ^el?ilolE jig;^).^ sel#s.s.^^, °ll^se]olls.Ai^^, HI^Sel'^mA]-^^. °^l^c^<Hl^Al-a^, <H] 

^S.e|til|^A|-^^, o||^C|oil^Al-a^, ofl^ClDflS-A]^^. HliEs)Di).^Al^^O)|^, U) E gjo)) a A) ^ ^oi) ^. «| -HI ^ A) ^ ^u)| ^, «l^iES^o)lS. 

-^71 sf«i-<il 12] t^-S-a ^'^71 ^-S- »{J-4^ Ji^^Vfe^ 200»c vfl^l 400X:s) 'a€-«l|sife ^-a* ^-S-a ^'S7is.Ai uj^ 

-^1 £fe 'H|^Ai7|# 7Mi°s. -a-Hli^'l^-ffl ui^^^fsl S^ofl safe i^-^l afe "fl^-^l^lfll- ^v-g-s^o^ 4^ 5a4. 

^-Hlri^l-^-a Jl^^m 131 «i-§-^j t'a-71 'e-fh «o'-4^ J1^>^1-1- f'^^alS 99:1 50:50 S] u]%S. ^7]^°U<A]% f-^. i^^l^i^^?!]!-. 

^^■7) I^A).^ JlS-xl-21. ^7] Sl^^y S^tH-e) ■£^•^1 ^%="lfe 1:99 ^^1 50:50^ ^^l "J-'^f^ 50 ^^%^ i 

4s>fe ^+<H)fe 7l^s) ^-yo| .g-oisv;*! gfo]. *s|-ci-. s^^s] •jJ-Af^ ai§;^l-fe 4^*11 ^"H-H -S-^Jo) 7<^*^7^1 "a<H>4'^1 "Has. 

^\o]2,9\ 7]^o] g-yslDi olS eJ-n^Sl 7)7(1^^ 7j-H7> SfS^S] 7) 



^^7] jL^^y a^l2:*^7l m^]^. ^7]^°^ ^-as^Tll s.^'^s^ t>-§-^ ^'S?!^ -tf^^ t>-§- 

*?H-^ 71^, o||# -aaie 7|^oli o] ^EfloflAi av^A)^cf. oH. M^sfsi ^Hfe ■8-«S'>ll ul^J^^Sj 5J i^S 

^ 71* -S-aAlls 4-§-€ '^^^n ui^^V ?Vfii -^^e] 'i^m ^ sii, zootfl;^! soots) ■&£ ?! ^!-? £fe ^iS-^47l sH-^ls) l^ls] 
A) 7)^ -frSAIl"?] "S-Af^ Ji^;^}2l ^«)l7f ol^<H;<^, ^'^\ M-^i^lel 37)21 7l-?ol eg^j* ^ sa^l-. t>^-&H7l- zoot ol^v-Jl ^-^-ollfe -a 
elfilojE ji^;»>o| <g;g^7V *olsW ^<iV 4^2isW 500t# ^-f "ilfe 4'a-^l <iS-«l)7V ?!«as|°s al-^^«V^ * 

£^ £^ ^i§4H7l7V o}Hd f'^HlAi l^ls;*)-^ ^^oflfe -LVi»)| ji^^l- 4^^) ^2Sj AV^fij- o]o|l o}^ ^«|i7]. i^lHlHS »}^^ 

^V7l2^ ^o) ^ir. 7]^^ -ael^lIolS J1&;^V ^^M] "4^1- ;>il2:S>7| ^SllAi. f"^ ^S]^ ^±o\] oil*, ife 'Hl«7l# 'a-ifSH 

tt>cf7UAi Dfis-A) £^ <H)s.Al7lt f-S-Sl-ji, sg^ &;^1-%=(M» )ol 3.000 m^l 20,000g/mol<y -a-^tl^^l-^-a Jl^^l-7]- ©o) ^^^cf. 

>ih7)Sq- ^o) 71*0) £Oj^ ^2l?llolS Jl^X^fe 71* -S-a^lS) ^'a%=oil ^-yslfe 71*2) t%=°l '^S\7]7\\ €4. 

-a-7ls)- ^o) ^>Hlifl'^-a ^^7.} £fe n a}-5)-.g. tflsils. 633 nmS) J4^«ll>«i 1.15 \^^\ 1.40S) Sfecf. 

°1*K ^^1<^1# *sH ^ 'tt'^^ ci-s^ -a-^sws. ^cf. olS -a-^Hfe •& tH- '4>^m7l flt.^ ■& fSfil ^?l7l- o)^ -gA] 



40g (344.5tmnol)2l E-f}S.^^^^ 2g (8.5 mmol)2l elpfll-l-) ?V^i«l «J-3-7l°ll ^-t: ^, H«J:a1?)d1 ^i^^l7lsHlAi 7l-1s> 

<^ nets -S-^lsf^^. ^^i-°l «v^i«l ■8"8-&^sl'H f-'3«ll^! ^l^Hl i^omii 2-<Hl€^4ic<Hlf)e^ cj(Selu]i^^) =s.^s) i/ioo #o)i si) 

^Sl-fe -y^^-S-Ai 1% t^-a -§-«S 4 inLl- ^7l-*>*[cf. £S ^V^f-o) ^71-^ «J-§-§-7l2l ^£1- HQtS. -fr^ltV 'i^Efl.HlAi Tfl^ HIVaI^H 24a1?V 
■g-Amc)-. ^Aj^ Ji^/^m^l-i: i^e] EflEEi.s|.oiHS^?^ -g-»-«o|] ^t! ^. ^W-g- Dfl^irf- ^7M^ ^^d-^lScf. :a^^l- 

21-ti-* ^2lSt-il ^2:Al?^ ^^^t 90%°]^^S. f-4%=(M„)o| 7,000g/mololJl Sl-*!"^ 7oll>^1 X7} ^^^i^! ^a^S] ^J-^^ 4-7^1 Jl^'^Hf'?!-^!) 

U?7l al^4 1-^ 12.0g ^ ?!-^d«l "i-§-7Hl ^. 7)0)1 EflEe^s].olcs.=:^ -g-Dl) 200 mL 1- ^^^l HaVAl^lc^ ^;^Sl ^o^ ^^^}JL 

^ ^^-S-*?!- ^lasj-sac}. 41-71 ^^^«^oil 3-oli.'^loHl°ls=s.« selo|)^A)^^ 6.0 g# ^7>*>ji ^iS-^7HlA-) sot: ^S.S. HlVsl-c^ 
48 ^l?v-S-°J «i-§-^mcf. «i-§-#^ ^. ?^-§-*^ •8-«^«fl ^-Hiafe -g-i* ?]-"Jh«V«^ ;«ll7iefJi fll^^ %7>*H *^>%=(M„)ol 8,000g/moi«lJi. ^-^^ 

'S^7l^Ai Ee]o)lSAl^^7ll- Sl-*)-^^ 7°ll'^-l X71- -OCONH-(CH2)3-Sl(OC2H5)3'?] 'i'-'^l-^ 4-7W Jl^4(J1^4 A)l- ;<)l2:sl-^cf. >a-7l jl^t.} 

^^^l?i f-e]*U ^!*4^Efl°ilAi ^£«>5a°.°l ^^t^ goro-^l-a-olSi^. -^7] ai§;^v ^jsiAi ^^7|aR) ^ ^tg i^H=d(N 

^71 jlS-;^]- A O.lg H ^^1-^(M„) °1 lO.OOOg/.nol ?1 i^-a^^t^^-iJ o.Qgi- -^moli^*?)!^ -§-°ll gg-Hl i^-y^Ml -§-«ll^l?l ^>-§-^t#{^»^ 
S.: MSl-10)^ ^m°^ ^^J^^« ^^s^7l m «4°-l-^ ^fl2«>Sl4. -aele 71^ £Efe ^if-fl# #e)-o|H#el.:di ^l-Hl lOOO >fl^l SOOOrp 

mSl i^S^SH 21= lOOnm ^^l2l '^'^■^ ;<fl2:*l-514. '^■71 ^^t^ ^i**!?) Sl-oflAl 2t/rninS ■S'-S-Sfo^ 400t;7W 7l-<a«' ^. 400t;oll^i 

60^?} -^^isH ^*^els^^lI:^.. >^7i <i^n^ ❖■ar^Hsq- ^-y* ^^^^m ^^i^^hs^ 7i*oi £<a^ i^H-s-^-ii oii^-^^Hifi-^-i 

42i€ "al^l-Sl -fi-^-^^l- ^^Sl-7l ^S>a) ^ f^^a) A|.^S).55lfe.fil. "3;^^ MlM(metal/lnsulator/metal) i^fe 1.2 xs.Scm^Sl -t^l^l^ 

^<H1 ^If- 5inin 37)2] t}^ ^^.f. f^aj-^V ^.g. Al..§.*l.oJ4. a -S-^oll MSSQH«^'Hlrt?14'SJl)/(i&^l- A) *t-§-«S^ i^J^^^S}o^ 

ej-o}-^ ^AjA)^ jfi, ^712}- ^o) ^si-Ai?iji t+A] -y-^D)-^ ^^^<^ -fi-^^T ■^■^■S- i^Vl- ^I3l-«l-5a4. at!- mis(^^/^#^«^1 

EVS}H«il) ±7.} ;Hl3^<H| 5>l<HAlfe Sl-^fl'-lsll- *}al MIM 4:;«f2f ^<a^ Sj-^^-S a ^Sh^ofl MSSQ/(jl^^f A) -^^-g-^!!* :t«S^A] 

5^ ^a]-g- ^AjAl^cf. <iS^E]l- f-S}a^ ;H12S ^o)) ^If. i^m 3.7\2] ^i^^]'s- -^-^ ^!*?3h^l?l i^Vl- ^3l-«l-Sa.2.ni, -^712). ^o] 

21-^ ±7.}^ HP 4194A(^al-'r: IMHz)!- >^l-§-*H. ^■frofl'^i -fi-^i^d-^l- ^^l- 1.840±0.010 S. ^^s;\^ti. 



-a^H 2: «J-§-^ °^>S7l# 'JhAf'^ 6-7H Jl^42l ^ ^-S-^i^T "i^^^^^ ^^7\ ^•-^Sl 

20g (175 mmol)Sl e-?l-=S§t€. 0.9g (3.6mmol)2l cl(5fflE>olle1 Selt) ^ c1(iaE^olle)Ea]§)2l l/lOO^ofl ifl'a-S^fe "^S] iEflomi 2-<Hl««lA}.ic 
ofllolEf. Al-^g-tV 5Ji- ^121*1- olfe -aAH 14 ^o) uV^Als^ 90% ol-y-o.s §;»>%=(M„ ) 8.000 g/mol?} S-i^Sl tJ-'^l-^ 6-7M j1§-4(S1-«^^ 8<Hl 

Ai X7> ^i-y S^t^t)# -aSl^. 

^c^7| al^;i> 1-^ 10g# 3}%=2l 3-°liAlol.filol£H.^^ eeloll^A).^^ 8g3l- -a-^Hl 1=1- ^°1 ^>-S-^l?i «-^l-^(M>, )ol 9,000 g/moPU t 
'S7lSAi Jg.e]<HmAl^^7|l- "j-^^ 6-7H Jl^4(S^«l-^ 80I1A-I X71- -OCONH-(CH2)3-Sl(OC2H5)3^ St-tH": jl^^l- B)l- ;«tl2:*f^c].. StK 
^aHi i4 "J^-a^.s ^Aj c^^t NMR 9! IR5. ^^*^^4. H 4 vfl;^] £ 61- tst^l al&;^f BS| ^2:1- al*;^V7V AJ^^ ^.|. ^o]^ ^ 

^7l2|. ^o) 7112:^ BO.lg ^ ^4%=(M„)ol lO.OOOg/iiiol ^ °ll^-a'*llsi?l'%-a! 0.9g^ -^^M l4 ■5-'^^ 'JJ-^o.S. -^-Mlifl-^-a ^J-s^-i: ^ 

isi-aj 4^ 1.830±0.010S. M-el-;ctt+. 
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?11€0 SA^ 9g^ Al.^S>^Cf. 
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R-(OH)n^ ^Tr 

DTM : c^(E^^D^l^^)HS.* 
DPET : c1{JatHle1^elt) 

3-IPTE : 3-<^l4iAlo}tilol£HS.^ ^^^]^^]^^ 
3-GPDME : 3-^e]^l^-^lHS.^ ^^11<H1^a1^^ 
3-GPMDE : 3-#sl^l^-^lHS.^ "Il^^oll^^l^^ 
S-GPMDM : S-^sl-^l^-^^li^S.^ "illc^'^l^'^l^^J: 
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7f^l^ 
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DTM 


3-IPTE 


4 


0.1 


0.9 


1.840±0.010 
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DPET 


3-IPTE 


6 


0.1 


ii>a>Hi^^^'a 0.9 


1.830±0.010 


3 


DTM 


3-IPTE 


4 


0.2 


uDl-^vHl^^i^l^^a 0.8 


1.800±0.020 


4 


DTM 


3-lPTE 


4 


0.3 


ofl^^^^il^fl^^ 0.7 


1.650±0.030 


5 


DTM 


3-IPTE 


4 


0.4 


Dill >^ Ail 0.6 


1.440±0.050 


6. 


DPET 


3-IPTE 


6 


0.2 


^l^^-^il:^^!^^ 0.8 


I.800±0.020 


7 


DPET 


3-IPTE 


6 


0.3 


^H^^^il^^l^-a 0.7 


1.630±0.010 


8 


DPET 


3-IPTE 


6 


0.4 


i3iii>a^fl^^i^^ 0.6 


1.440±0.010 


9 


DTM 


3-IPTE 


4 


0.1 


*l-o)HS^^>Hl>i^^AJl 0.9 


1.840±0.020 


10 


DTM 


3-IPTE 


4 


0.2 


§l-o]H5.^^>^il^^]^>i]l 0.8 


1.790±0.020 


11 


DTM 


3-IPTE 


4 


0.3 


§l-o)c^^^^^|>,^).^.^ 0.7 


1.650±0.030 
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DTM 


S-IPTE 


4 


0.4 
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1.450±0.050 
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0.1 
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1.810±0.030 


15 
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0.4 
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1.430±0.050 
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4 


0.1 


0.9 


1.840±0.020 


18 


DTM 


3-GPDME 


4 


0.2 


0.8 


1.790±0.020 


19 


DTM 


3-GPDME 


4 


0.3 


0.7 


1.670± 0.040 


20 


DTM 


3-GPDME 


4 


0.4 


0.6 


L430±0.050 
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7M)^ 
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21 


DPET 


3-CPDME 


6 


O.l 


0.9 


1.840±0.020 


22 


DPET 


3-GPDME 


6 


0.2 


0il^^>Hl:i!l^^« 

0.8 


I.810±0.020 


23 


DPET 


3-GPDME 


6 


0.3 


°ll^^>Hl>i#14^ 
0.7 


1.640±0.030 


24 


DPET 


3-GPDME 


6 


0.4 


0.6 


1.450±0.050 


25 


DTM 


3-GPDME 


4 


0.1 


0.9 


1.840±0.020 


26 


DTM 


3-GPDME 


4 


0.2 


0.8 


1.800±0.020 


27 


DTM 


3-GPDME 


4 


0.3 


0.7 


1.640±0.040 
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DTM 


•^-HPHMF 
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*i 




"1 1 ^ vlt H '1 — <1 ^ vll 


1 4?n±n n^n 




DP FT 


•^-HPHMF 

O ~0 1 UlrlCt 


a 
\f 




0.9 


1 830±0 020 


Otr 










0.8 










R 
\j 




0.7 


1 660±0 040 




DPET 




5 


0.4 


0.6 


1 450±0 050 




DTM 

LJ I IVl 




4 


0.1 


0.9 


1 840±0 020 
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4 


0.2 


0.8 
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4 


0 3 


0.7 


1 640±0 040 


Ou 


DTM 

1 IVl 


^-nPMDF 


4 


0 4 


0.6 


1 440±0 050 


0 f 


DP FT 


'^-nPMDF 


R 


0.1 


0.9 


1 850±0 020 


OO 




Q.rpMnF 


u 


0.2 


0.8 


1 800±0 020 




DP FT 


Q.npMnF 


u 


0.3 


Dj] ^ >y /HI ^ ^ ^ 

0.7 


1 630±0 030 


Af\ 
H\J 


nPFT 


'^.nPMDF 

O ~VJi 1V1L/C> 


g 


0.4 


M e S '1 — n 1 ^ i_i 

0.6 


1.440±0.050 


A 1 


DTM 

U I IVl 




4 


0 1 


0.9 


1 850±0 020 


"42 


DTM 


3-GPMDE 


4 


0.2 


0.8 


1.790±0.020 
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R -(OH)n 








^e]?llolEj7^;^). 




43 


DTM 


3-GPMDE 


4 


0,3 


0.7 


1.660±0.020 


44 


DTM 


3-GPMDE 


4 


0.4 


0.6 


1.440±0.020 


45 


DPET 


3-GPMDE 


6 


0.1 


0.9 


1.850±0,020 


46 


DPET 


3-GPMDE 


6 


0.2 


0.8 


1.800±0.030 


47 


DPET 


3-GPMDE 


6 


0.3 


0.7 


1.650±0.040 


48 


DPET 


3-GPMDE 


6 


0.4 


0.6 


1.450± 0.050 


49 


DTM 


3-GPMDM 


4 


0.1 


0.9 


1.840± 0.020 


50 


DTM 


3-GPMDM 


4 


0.2 


0.8 


1.800±0.020 


51 


DTM 


3-GPMDM 


4 


0.3 


0.7 


1.640±0.040 


52 


DTM 


3-GPMDM 


4 


0.4 


0.6 


1.450±0.050 


53 


DPET 


3-GPMDM 


6 


0.1 


0.9 


1.840±0.020 


54 


DPET 


3-GPMDM 


6 


0.2 


0.8 


1.800±0.020 


55 


DPET 


3-GPMDM 


6 


0.3 


0.7 


1.650±0.030 


56 


DPET 


3-GPMDM 


6 


0.4 


0,6 


1.440±0.050 


57 


DTM 


3-GPMDM 


4 


0.1 


0.9 


1.840±0.020 


58 


DTM 


3-GPMDM 


4 


0.2 


0.8 


1.810±0.020 


59 


DTM 


3-GPMDM 


4 


0.3 


0.7 


1.660±0.040 


60 


DTM 


3-GPMDM 


4 


0.4 


0.6 


l,440±0.050 
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O 
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CO 
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Urcl 
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b 


n o 
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0.7 




U1 


DPET 


3-CPMDM 


6 


0.4 


0.6 


1.440±0.050 
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5)2 ^ -OCH2CH(OH)-CH2 0(CH2)3-Si(CH 
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Ro 



2l-^^<HlAi .CH20-|CO-{CH2)5-OU -X. Ri€- -C2H5 -CHzO-ICO-CCHzjs -O] 
„ -X<>U. -OCONH-(CH2)3-Si{OC2H5)3. 
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(OC2H5). -OCH2CH(OH)-CH20(CH2)3 -Si(CH 

3)(OC2H5)2 £^ -OCH2CH(OH)-CH20(CH2)3-Si(CH3)(OCH3) 

2 f^<Hl>^1 <d^€ ^)«-7)l- 4EfiflD), R,^ oj^J^ of^^ojjl. 2 20<^14. 

^T^^* 3. 
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4. 
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